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How Arch slab works 



B.M.D. 


N.F.D. 
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Arch— slab Jt 
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Stiffner 


Arch— slab JJ J-jjJoJI 



5* tiffner 


Stiffener t s -1 0-1 2cm 



Arch slab is used for span up to 18 m 

Concrete Dimensions 


t (10— 1 2 cm) at mid span and (14—16cm)at edges. 


- h= 


L 


6-8 


Tie (b*b),hager(250*250mm) 

t ( c °i)=jj 


— Staticl system 

— Stiff ner (250*400) 

t s 2 


0.25 



0.40 


(Buckling) JiiLj ( Stiff ner ) 



(hangers)s^ 
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Plan 



How To draw Arch slab 


a— Mathematical Method 


V 2 

y= a X 

at X= -jj- , y=h 


h= a 





4h 

L 2 



» <Jj L' tLcJ 1 jUo! (X) -J < ^aJli>wo 


b— graphical Method 



L 


Steps of design 


n 

assume F.C.+L.L. = 1 .0—1 .5 kN/m per hz projection 
w su = (ts\ +F.C.+L.L.)*1 .5 kN/m 2 per hz projection 
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1 —Design of Arch slab: 

R=0.35 A c f cu +0.67 A s fy 

R=0. 35 (1000HJ f cu +0.67 AJ y 

9 et A s < fw A <= 

A s f 508/m' 


2— Design of VL.Beam: 



where o.w =o.w of (VL+HZ beam) 


R v =w v * spacing 
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3— Design of HZ. Beam 


u> h = x kN/m 


R hz =w hz* s P a cing 

4— Design of Tie 


T u .L. Khz 


^w h * spacing 


A < 


Tu.l. 


fy As 


5— Design of hanger 


T=o.w of hanger+ o.w of Tie .a 
T=0.25 2 *h*25*1 .4+0.30 2 *a*25*1 .40 







^ - 


iS! - 


c 


d J 


A < 


Tu.l. 
fy As 


By Eng. Ezz El-Din Mostafa & Eng. Yasser M. Samir 



spacing spacing 


6— Design of col . 


Nul=R v 


Inside plane 



Design section 


Outside plane 


Case(1 ) 




h 2 



Case( 1 ) 


h-j 


Case( 1 ) 


\ 1 ■ 2 *hmax 

\ut b 

on N U 'i', M 
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R.F.T. of the Arch slab 


Elev. of Rft. for VL. Beam 



R.F.T. of the VL & HZ beams 


Some Special Cases 


1 — If There is no Tie 



J ^cus J I ^-jlQ -9 ^ I o jJLl I «L>oli!> Uxi) Jlc I jjU I jJjjx jli q I — L^t- >. 
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3— Continuous Arch Slab with tie 





(ip-J 3 ^ 


tip-J 15 ^ 
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3 CV 


2ft 




H 


I J «J j)<a C. 


77777777777. 7 


4— HZ Slab Connected to Arch Slab 



◄ 

£jUJJ ^ 


A_UL9 V I O^-ClSCJ 1 (j-OJLU ^ j_2J <Js3^JLJl b ^ A-ULS I 
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For HZ Slab 


W 


su 



Strip 1.00m width 
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>f (jl b>SJI ^ ^ (inclined beam) fj-£ 



Strip 1.00m width 



V 




R=\l x 2 + y 2 


<d=tan \ ) 


w>i =R+ o.w kN/m 
Ri =vo i * spacing 


vu- kN/m ' 


spacing 


spacing 



Inclined beam 



N.F.D. 


B.M.D. 


• -Lt.0-9 ^ TV". f. ) ^ j-cl*J I ^LLa-S |«-<Lvaj 

>UjI U ^ Z'xs ) j jJ ^Ul>o ^ Lxj I Jo>. ^ 

T T 
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Example 


For the given plan and cross-section, 


it is required to: 

1 —Design the arch slab and draw 
plan of Rft. 

2— Design the main supporting element 
and draw details of Rft. 


35m 



14m 


F.C.+L.L. = 1 .OkN/m 2 (per hz proj.) 
f cu =25 N /mm 2 f =360 N /mm 2 

kJ 


( 6 . 00 ) 



( 0 . 00 ) 

. V — 

14m 


Sec. (1 — 1) 


Solution 


w su =(ts\ +F-C.+L.L. )*1 .5 JcN/m 
w su =(0.12*25+1.0/1.5 
w su =6.0 kN/m 2 

6.0*14 


per hz projection 


V= 


2 


=42.0 kN/m 


6.0*14 , , 

x= —^* r ~ =73.5 kN/m 


8*2 
R=\j x 2 + y 2 


6. OkN/m 



1 4. Om 


Strip 1.00m width 


R=1 42 Z + 73. 5 2 =84.65 kN/m' 
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(800) o.12 


73.50kN 



1 —Design of Arch slab: 

R=0.35 A c f cu + 0.67 A s fy 

84.65*10 =0.35 (1000*120) *25+ 0.67A S *360 
A=-ve — ► A s = My 1000*1 20=720mm 2 

5 min ' uu 


A s =5 01 0/m (T&B) 

2— Design of VL.Beam 


w v 

Wy 


Wy 

Ry 


=y+o.w kN/m 

=42+0.25*0.50*25*1 .40+0.30*0.60*25*1 .40 


o.w. of VL. beam o.w. of HZ. beam 


=52.68 kN/m 
=52. 68 *5. 0=263. 38kN 




52.68 kN/m 








5. Om 


5. Ora 


TT 

▲ 


263.38kN 


450=0 +31-7*10 6 
V 250*25 
131.70*10 


C 1 = 3 . 1 


J =0.7 52 


6 


A = 


0.752*450*360' in Mostdf 


I stlfQ-§ /iJN YasiiP 


S amir 



Sec 

2 

=5016 

Sec 

3 

=4016 

Sec 

4 

=2016 


3— Design of HZ. Beam 

w h =73.50 kN/rn 
R. =73. 50*5. 0=367. 5kN 

hz 


Sec 1 


550 =c 1 


1 83.75*1 0 6 
300*25 


C 1 =3.5 J =0.7 82 



1 83.75*1 0 6 , , nry 2 

=1 1 .87 era 

0.782*550*360 



A s =5018 


Sec 

2 

=5016 

Sec 

3 

=4016 

Sec 

4 

=3016 


From Check Shear use 8010/m stirrups 


4— Design of Tie 


T u.L~ 

A* = 


R h =367. 5kN 

hz 


367.5*10' 


A s = 


360/1. 15 
6016 


= 1 1.74cm 
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5. Om 5. Om 


5— Design of hanger 


T—o.w of hanger+ o.w of Tie .a 

T=0. 25 2 * 2 *25*1. 4+ 0. 3Q 2 *2.0*25*1 .40=1 0. 68kN 


, 10 . 68*10 . _ . 2 

A s = =0. 34cm 


360/1 . 15 


A s =4012 


Design of Columns (300*600) 


Nui=R v =263.38kN 


\=Hr = 14 - 63 

Buckling is outside plan 


= 


K b 


2000 


17.00 *0.30 
2000 


\ut 


1.2*4.25 

0.30 


0. 04m 


Madd=Z63. 38*0.04=11 . 42kN. m 


N, 


u.l. 


263.38*10" 

btfcu 300*600*25 

M u .i. _ 


=0.06 


1 1.420*10 


6 


bt 2 f cu 600*300 2 *25 
P<1 Take P = 1 


=0.008 




300-100 

300 


A S =A S - = 1*10 4 * 25*30*60 =4.50 cm 


A 


S min 


0.25+0.052*17.00 

100 


*30*60=20. 4 1 cm 


A s =8 <]f>18 


17.00 


0.67 
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R.F.T. of the Arch slab 


Elev. of Rft. for VL. Beam 






Co 
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R.F.T. of the VL & HZ beams 


Example(2) 


For the given jplan and cross-section, 


it is required to: 

1 —Design all the slabs and draw 
plan of Rft. 

2— Design the main supporting element 
and draw details of Rft. 



48m 



4m 


12m | |_ 

4m 


( Tie is not allowed ) 


( 6 . 00 ) 


F.C.+L.L. = 1 .OkN/m 2 (for arched roof) (o oo) 

F. C.+L.L. =2.5kN/m 2 (for hz roof) ^ -I 

f cu —25 N /mm 2 f =260 N /mm 2 Sec. (1 -1 ) 

L/ 


Solution 


w su =(t s y c + .FC..+L.L. )*1 .5 KN/rn 


per hz projection 


w su =(0. 1 2*25+1 .0/1 .5 
vl) su —6.0 JcN/m 2 


y= 

x= 


6 . 0*12 

~2 

6 . 0 * 1 2 2 
8*2 


=36. OkN/m 
=5 4. OkN/m 


R=\l x 2 + y 2 


6. OkN/m 



2. Om s' 

x / 

— L * A 


X x 

\ 4 

7777777 / 777 / 

\y 

12. Om 

7777777 / 777 / 

\v 


Strip 1.00m width 


R=fFF~+54F =64. 90kN/m 
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54. OOkN 



1 —Design of Arch slab: 

R=0.35 A c f cu + 0.67 A s fy 

64.90*10 =0.35 (1 000*1 20)*25+ 0.67A s *360 

A=-ve — ► A s = My 1000*1 20=7 20mm 2 

5 min ' uu 


A s =501 0/m (T&B) 

2— Design of hz slab: 


W su =(t s \ + .FC.. + L.L. )*1 .5 KN/m 
w su =(0.1 2*25+2. 5)*1 .5 
w su =3-35 kN/m 2 

Stryjof 1 ) 


strip 2 


4. 1 3 kN/m 


strip 1 


n 

Y//////////S 


4m 


///?///?//// 


'5 4 kN/m 


54.00 



B.M.D. 



co 

•g- 

-+o 

00 
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6m 


r= 1.31 
a =0.50 
$= 0.21 

4m 


6m 



Sec. (1 — 1) 


N< 


u. 1. 


btf, 


cu 


27.00*10 

1000*120*25 


=0.009<0.04 (neglect N) 


100 =C i J 1000*25 C i= 5 - 50 J =0.826 


a 8.25*1 0 

A s 0.826*360*1 00 


2. 77cm? /m' 


=6<tP8/rn 

Striy(2) 


3.47JcN/m 


n 

vS/////)//// 


4m 


n 

z7?///////// 


54kN/m 


54.00 



Sec. (1-1) 


B.M.D. 


N, 


u. 1. — 


btf, 


CU 


27.00*10 

1000*120*25 


=0.009<0.04 (neglect N) 


100 =C i Jl0 9 0 2 0*2°5 C i= 6 - 00 J =0.826 


A 


6. 93*1 0 


s 0.826*360*1 00 
A s =5<tt>8/m 

Strip(3) 

1 . 73kN/m 


=2. 33cm? /m 


2.23kN/m 


~zr 


6.00 


6.00 


6.00 
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Sec. (1-1) 

A s — 6 8/m ' 

Sec. (2-2) 

A s =5<tt> 8/m 


3— Design of VL.Beam 

w v =y+ o.w+ C a w s KN/m Sc C a =1 — ) 


w v 

w v 

Ry 


=36+0.25*0.70*25*1 .40+0.67* 

=53. 1 8 kN/m 

=53. 1 8*6.0=31 9. 08kN 


*8.25 

y+o.w. 

1 1 i i i i i i i i i i i i i 



53.18 kN/m 








6.0m 


6.0m 


31 9. 08 kN 


4— Analysis of B> 


w 2 

w 2 


o.w+ C n -^+— KN/m 

a /e+ s 


y+o.w. 


w 2 = 17.18 kN/m 


17.18 kN/m 


6.0m 


6. Om 


R 2 =1 7. 18*6. 0=103. 08kN 

By Eng. Ezz El-Din Mostafa & Eng. Yasser M. Samir 


TT 

A 



1 0 3. 08kN 



5— Design of the frame : 

assume o.w. = 1 OkN/m ( working ) 
Wf =o.w+C e w s *2 KN/m 
w f =10*1.40+0.50*24 *8.25*2 
Wj =30.50 kN/m 



1 03. 08kN 

\ 


31 9. 08kN 

i 


6. Om 


30.5kN/m 


54*6.0 

< 

=324kN 


77777777777/ 


77777777777) 


423.68 



4m 


324kN 


co 

lO 


N.F.D. 


7. 7777T77777} 

Sec(l-I) 


r 1520.32*10 6 _ 
a JO 1 1 300*25 

Nu.l. _ 324*1 0 3 

b t f cu 300*1700*25 



319. 08kN 


d= 1600mm. Sc t =1 700mm 
0.025<0.04( neglect N) 


1 600=C 1 

By E'. 


1 S 300*2*5 10 C 1= 3 - 55 J =0-7 84 
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1 520.32*1 0 6 
0.783*1 600*360 


=33.67 cm 2 


A s = 1 0 <#> 22 


Sec(2—2) 

Nui - 544. 1 6*1 0 3 
b t f cu 300*1700*25 


=0.043>0.04(Dont neglect N) 


e= 



N u .l. 


1520.32 

544.16 


=2. 79m 


~Y~ = 2 1 7 ? 9 = 1.6>0.5(big eccentricity) 

e s =e+ -c=2.79+l^L-0.1 =3.54m 

Mas=K* e s =544.1 6*3.54=1 928. 44kN.m 


1 600=C 1 


1 928.44*1 0 6 
300*25 


C 1 =3.16 


J=0. 76 


_ / 928.44*1 Q 6 

s 0.76*1 600*360 


544.1 6*1 0 3 
360/1 .15 


26. 84cm 2 


4 =8 < ff > 22 
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2<p1 0@300mm 



